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ABSTRACT 


This  area  is  underlain  by  a  great  but  variable  thickness  of 
stratified  rock  and  granite  ranging  in  age  from  Precambrian  to  Recent. 
The  Precambrian  rocks  consist  of  granite  and  metasediments  which 
have  had  a  complex  history.  The  upper  surface  of  the  Precambrian 
forms  an  irregular  faulted  ridge,  the  Nemaha  Arch.  In  Pawnee  and 
Johnson  Counties,  Nebraska,  the  Precambrian  surface,  which  here 
is  granite,  rises  to  as  much  as  539  feet  above  sea  level  and  in 
Nemaha  County,  Kansas,  to  as  much  as  588  feet. 

The  Nemaha  Arch  is  cut  by  a  major  zone  of  fracturing,  the 
Humboldt  fault  zone.  This  fault  zone  has  undergone  recurrent 
earthquake  movements  from  Precambrian  time  to  the  present  with 
the  rocks  east  of  this  fault  having  been  downthrown  at  least  2,600 
feet.  Geophysical  data  indicates  that  the  Precambrian  rocks  of 
Kansas  and  Nebraska  may  be  essentially  a  continuation  of  the  se¬ 
quence  in  the  Lake  Superior  region. 

All  available  geological  and  geophysical  data,  including 
deep  resistivity  studies,  indicate  that  the  Precambrian  basement 
complex  is  unsuitable  for  both  deep  underground  communication  and 
deep  underground  facility  installation. 


GEOLOGY  OF  THE  BASEMENT  COMPLEX 


OF  SOUTHEASTERN  NEBRASKA, 
NORTHEASTERN  KANSAS  AND  VICINITY 


Introduction 

The  area  of  principal  interest  in  the  present  study  is  south¬ 
eastern  Nebraska,  northeastern  Kansas  and  parts  of  adjoining 
states.  The  purpose  of  the  study  was  to  compile  as  much  pertinent 
published  and  unpublished  data  as  possible  on  depth  to  the  base¬ 
ment  complex  and  on  the  nature  of  the  rock  types  of  which  the  base¬ 
ment  complex  is  composed.  Structures  in  the  basement  complex 
rocks,,  such  as  faults  and  other  features  which  could  have  a  bearing 
on  engineering  problems,  are  of  special  concern.  Insofar  as 
possible  any  data  relating  to  average  conductivity  or  resistivity 
values  of  the  basement  complex  and  the  overlying  mantle  of  strata 
has  been  included.  This  kind  of  data  however  is  extremely  meager 
but  certain  features  have  been  outlined  by  which  a  qualitative 
estimate,  however  poor,  may  be  arrived  at. 

Figure  1  is  a  map  of  the  area  of  general  interest.  This  map 
was  compiled  from  the  latest  available  topographic  contour  maps 
of  the  United  States  Geological  Survey  on  scale  of  1:250,000  or 
one  inch  equal  to  approximately  four  miles  and  having  contour  in¬ 
tervals  of  50  feet  with  supplementary  contours  at  25  foot  intervals. 
The  following  maps  served  as  the  base  for  Figure  1:  the  Sioux  City, 
Fremont,  Omaha,  Nebraska-Iowa  quadrangles;  Lincoln,  Nebraska; 
Fort  Dodge,  Iowa;  Nebraska  City,  Nebraska-Iowa- Missouri; 
Manhattan,  Kansas;  and  Kansas  City,  Kansas-Missouri  quadrangle 


maps. 
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Principal  Sources  of  Data 

Of  the  published  data  the  most  significant  references  have 
in  general  been  those  published  by  the  Kansas  and  Nebraska 
State  Geological  Surveys.  A  list  of  references  is  presented  at 
the  end  of  this  paper  and  includes  the  most  significant  papers 
relating  to  the  problems  at  hand.  Published  data  on  the  basement 
complex  rocks  is  extremely  sketchy  and  most  direct  evidence  is 
at  present  unpublished. 

The  most  fruitful  sources  of  unpublished  data  bearing  upon 
the  problems  at  hand  were  the  files  of  the  Kansas  State  Geologi¬ 
cal  Survey  and  the  wide  knowledge  of  this  subject  possessed  by 
Mr,  Virgil  B.  Cole,  Consulting  Geologist,  Wichita,  Kansas  and 
Chairman  of  the  Kansas  Basement  Complex  Committee.  Edward 
G.  Lidiak,  Research  Fellow  of  Balcones  Research  Center,  the 
University  of  Texas,  Austin  12,  Texas,  is  currently  making  a 
study  of  the  Precambrian  of  Nebraska  and  has  furnished  valuable 
data  to  the  present  study.  Dr.  Donald  H.  Hase,  of  the  Iowa 
Geological  Survey,  provided  a  certain  amount  of  data  for  the  Iowa 
region  where  such  data  was  prior  to  this  point  essentially  non¬ 
existent.  Many  other  individuals  and  organizations  are  important 
sources  of  unpublished  data  and  in  future  studies  should  be  con¬ 
sulted  for  further  information.  In  Appendix  1,  a  partial  list  of 
such  groups  and  individuals  is  presented  with  expectation  that 
they  would  be  able  to  provide  certain  amounts  of  significant  informa¬ 
tion  to  future  studies. 

Topographic  Setting  of  the  Area 

The  Omaha  region  of  Figure  1  lies  largely  within  the  Dissected 
Till  Plains  region  as  defined  by  Fenneman  (1938,  Plates  V  and  VI 
and  pages  588-600),  This  area  is  essentially  that  of  the  exposed 
Pleistocene  Kansan  glacial  deposits  laid  down  within  the  past 


FIG.  1.  INDEX  TO  TOPOGRAPHIC  MAPS  FOR  OMAHA 
REGION  ON  SCALE  1  =  250,000 
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million  years.  This  general  section  is  a  nearly  flat  Till  Plain 
having  gently  rounded  slopes  with  a  present  relief  of  100  to  300  feet 
or  more.  It  is  covered  by  loess,  generally  a  few  feet  deep  but 
locally  increasing  to  30,  50  or  even  as  much  as  90  feet.  The  top¬ 
ographic  features  of  the  Dissected  Till  Plains  have  been  formed  by 
running  water.  The  oldest  of  the  Pleistocene  glacial  deposits  are  those 
of  Nebraskan  age,  but  are  exposed  only  in  the  river  valleys  of  south¬ 
western  Iowa  and  southeastern  Nebraska.  The  upper  parts  of  the 
hills  are  composed  of  glacial  deposits  which  are  younger  and  are 
known  as  Kansan  deposits. 

The  western  boundary  of  the  Dissected  Till  Plains  is  obscure 
in  many  places.  In  northern  Kansas  the  drift  stops  essentially  at 
the  western  edge  of  Figure  1  which  is  the  approximate  location  also 
of  the  edge  of  the  Dakota  sandstone  escarpment  or  the  Smoky  Hills 
in  Jefferson  County,  Nebraska  and  Washington  County,  Kansas. 

West  of  Lincoln,  Nebraska  the  edge  of  the  drift  and  cf  the  Dissected 
Till  Plains  Province  may  be  traced  through  several  counties  being 
approximately  at  the  Big  Blue  River.  The  surface  to  the  east  has 
at  least  200  feet  relief  cut  into  or  through  a  thick,  loess-mantled 
rill  sheet  which  presents  an  obscure  morainal  front  to  the  west. 

On  the  west  are  the  youthful  Nebraska  and  Loess  Plain  Regions 
(Fig.  2).  In  northern  Nebraska,  the  loess  is  uninterrupted  in 
the  Loess  Hills  and  this  is  true  as  far  south  as  the  first  tier  of 
counties  south  of  the  Missouri  River.  The  edge  of  the  drift  is  at 
Verdigre  Creek. 

Bedrock  Geology  of  the  Area 

Most  of  the  bedrock  formations  of  the  Omaha  area  (Fig.  3) 
exert  but  little  influence  on  the  surface  landforms.  The  bedrock 
formations  exposed  at  the  surface  of  the  ground  within  the  Omaha 
area  are  those  of  Pennsylvanian,  Permian  and  Cretaceous  Age. 


FI6.2.  TOPOGRAPHIC  RKOIONS  OF  NIBRASKA 
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An  inspection  of  Figure  5,  an  east-west  geological  cross 
section  near  the  Kansas-Nebraska  line  will  indicate  the  relation¬ 
ship  between  these  three  major  groupings  of  strata. 

Although  only  rocks  of  Pennsylvanian,  Permian  and  Cretaceous 
age  crop  out  within  the  restricted  area  of  the  Omaha  region,  never¬ 
theless  a  thick  series  of  strata  of  a  much  wider  variety  of  ages  is 
present  in  the  subsurface.  Knowledge  of  these  is  had  from  surface 
exposures  in  widely  scattered  portions  of  the  Great  Plains  and 
Central  Interior  areas.  It  will  be  noted  that  in  Pawnee  and  Johnson 
Counties  (Fig.  3),  the  areas  of  most  specific  interest  in  this  study, 
and  more  or  less  along  the  eastern  border  of  these  counties  with 
Richardson  and  Nemaha  Counties,  there  is  a  northerly  trending  ex¬ 
posure  of  rocks  of  Pennsylvanian  age,  the  Virgil  series  (Table  1.2). 
These  older  strata  are  flanked  on  both  the  east  and  west  by  rocks  of 
Permian  Age,  the  Admire  and  Council  Grove  group  strata  with  the 
Chase  group  exposed  in  the  western  portions  of  these  counties. 

It  will  be  recognized  from  the  distribution  of  these  formations 
on  the  map  in  comparison  with  the  cross  section  of  Figure  5  that 
even  at  the  surface  of  the  ground  the  anticlinal  or  arch-like  form  of 
these  strata  is  visible  in  the  Table  Rock  Arch  or,  as  it  is  sometimes 
referred  to,  the  Nemaha  Arch  or  Anticline.  Table  1  presents  a 
stratigraphic  chart  showing  the  detailed  divisions  into  which  the 
larger  units  of  strata  of  various  ages  have  been  divided.  Each  of 
these  sub-divisions  is  composed  of  a  characteristic  rock  type  and 
has  fossil  assemblages  by  which  it  is  identifiable  even  in  well 
cuttings.  A  more  generalized  stratigraphic  chart  of  the  strata  of 
Iowa  is  presented  in  Table  4  which  may  serve  as  a  basis  for  com¬ 
parison  of  the  section  there  with  that  represented  in  Nebraska. 

Although  the  present  study  is  focused  mainly  upon  the  basement 
complex,  nevertheless  a  greater  knowledge  of  the  overlying  strata 
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will  yield  a  more  penetrating  understanding  of  this  lowermost  unit. 
For  this  reason  and  for  the  reason  that  the  lowermost  strata  of 
Cambrian  and  Ordovician  age  have  an  intimate  relationship  to  the 
basement  complex,  some  attention  will  be  given  to  rocks  of 
these  ages  also. 

Geology  of  the  Strata  Immediately  Overlying  the  Basement  Complex 

An  inspection  of  Figure  5  will  make  it  clear  that  the  rocks  of 
Precambrian  age  have  a  rather  complicated  relationship  to  those 
of  Cambrian,  Cambro-Ordovician,  Silurian,  Devonian,  Mississ- 
ippian  and  Pennsylvanian  ages.  In  the  vicinity  of  96°  it  is  clear 
that  the  Humboldt  Fault  has  downdropped  the  strata  to  the  east 
along  with  the  Precambrian  sequence  to  a  depth  of  some  2,600 
feet  or  so.  Along  this  fault  the  sediments  of  Cambrian  through 
Pennsylvanian  age  are  bounded  on  the  west  by  Precambrian 
granite.  Of  special  importance  is  the  distribution  and  structural 
relationship  of  the  St.  Peter  sandstone,  a  pervious  water-bearing 
layer,  found  throughout  a  portion  of  the  area  at  distances  of  a 
few  inches  to  several  hundred  feet  above  the  boundary  of  the 
Precambrian  complex  with  younger  rocks. 

In  an  effort  to  delineate  the  topography  of  the  Precambrian 
basement  complex  and  to  establish  in  more  detail  the  influence 
of  Precambrian  topography  upon  the  deposition  of  younger  sedi¬ 
ments  the  writer  has  compiled  from  numerous  sources  a  map 
showing  the  top  of  the  St.  Peter  sandstone,  Figure  4.  The 
St ,  Peter  sandstone  was  chosen  as  a  marker  bed  for  several 
reasons.  It  has  a  lithology  which  at  least  near  the  boundary 
with  the  Precambrian  is  readily  recognized.  Since  it  is  an 
aquifer  many  holes  have  penetrated  it  and  it  is  a  formation  re¬ 
cognized  by  the  drillers  in  contrast  to  certain  others.  In  addi¬ 
tion  it  is  sufficiently  close  to  the  boundary  of  the  Precambrian 


MAP  SHOWING  THE  TOP  OF  THE  ST.  PETER  SANDSTONE 
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wit  h  the  Reagan  and  other  formations  of  Cambrian  and  Lower 
Ordovician  age  to  be  useful  in  delineating  the  desired  struc¬ 
tural  features.  It  is  moreover  a  petroleum  reservoir  in  certain 
areas  and  is  called  by  the  petroleum  drillers  and  geologists 
the  "Wilcox  Sand".  (This  should  not  be  confused  with  the 
Wilcox  Sand  of  the  Gulf  Coast  and  Atlantic  Coastal  area  which 
has  priority  in  the  geological  literature). 

An  inspection  of  Figure  4  will  indicate  that  the  St.  Peter 
sandstone  is  absent  throughout  all  or  portions  of  the  following 
counties:  Richardson,  Pawnee,  Johnson,  Nemaha,  Otoe,  Cass, 
Sarpy,  Lancaster,  Gage,  Saline  and  Jefferson  Counties.  A 
dashed  line  indicates  the  limit  of  pre-St.  Peter  sandstone  for¬ 
mation  outcrop  area  if  the  formations  younger  than  the  St.  Peter 
were  stripped  away0 

This  area  (Figure  4)  underlying  the  counties  above  enumer¬ 
ated  plus  Marshall  and  parts  of  Nemaha  and  Washington  Coun¬ 
ties,  Kansas  is  underlain  by  rocks  older  than  the  St.  Peter  sand¬ 
stone,,  This  figure  combined  with  Figure  5,  the  geologic  cross 
section,  will  help  to  delineate  the  nature  of  the  formation  of  the 
structures  so  presented,  The  data  upon  which  the  map  is  drawn 
is  drill  data  and  the  location  of  holes  furnishing  data  to  the 
present  study  are  shown  in  Figure  4,  It  is  clear  from  Figures  4 
and  5  that  the  Humboldt  Fault  zone  persisted  as  a  major  structural 
feature  until  well  after  the  time  of  deposition  of  St.  Peter  sand¬ 
stone  in  the  Ordovician.  The  presence  of  fault  blocks  on  the 
down  thrown  side  of  the  major  fault  is  clearly  indicated.  Those 
fault  blocks  which  are  most  reliably  inferred  from  this  compila¬ 
tion  include  that  in  Richardson  County,  Nebraska  and  Nemaha 
County,  Kansas,  and  another  in  eastern  Cass  County;  a  third 
in  Lancaster  County;  a  fourth  in  Saunders,  Dodge  and  Washington 


Table  1 


GENERALIZED  CORRELATION  TABLE  FOR  NEBRASKA 
SHOWING  STRATIGRAPHIC  POSITIONS  OF 
PRODUCING  FORMATIONS 


Table  1 
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GENERALIZED  CORRELATION  TABLE  FOR  NEBRASKA  (Continued) 


SYSTEM 


PENNSYLVANIAN 


MISSISSIPPIAN 


DEVONIAN 
(D)  (Hunton) 


SERIES 


GROUP 


FORMATION 


VIRGIL 


MISSOURI 


DES  MOINES 


IOWA 


SENECAN 


Shawnee 


Douglas 


Lansing 


Kansas  City 
(Pkc) 


Topeka 

Calhoun 

Deer  Creek 

Tecumseh 

Lecompton 

Kanwaka 

Oread 


Stanton _ 

Vilas _ 

Plattsburg _ 

Bonner  Springs  ~~ 
Wyandotte 

(Argentine) _ 

Lane _ 

Iola _ 

Chanute _ 

Drum _ 

Qulvlra  _ 

Westerville 

Cherryvale _ 

Dennis  (Wlnterset) 

Galesburg _ 

Swope  (Bethany) 

_ Falls) 

Ladore _ 

Hertha 


Pleasanton 

Marmaton 

Cherokee 


Meramec 


Osage 


Kinderhook 


St,  Louis 

Spergen _ 

Warsaw _ 

Keokuk _ 

Burlington 

Chouteau 

Chattanooga 

Cedar  Valley 

Independence 

Wapsipinicon 


MEMBER 


Table  1 


GENERALIZED  CORRELATION  TABLE  FOR  NEBRASKA  (Continued) 


SYSTEM 

SERIES 

GROUP 

FORMATION 

MEMBER 

1 

NIAGARAN 

ORDOVICIAN 

Maauoketa  (Sylvan) 

Galena  (Viola)  (Ov) 

Decorah  (Simoson) 

St.  Peter  (Wilcox) 

(Osp) 

i 

j 

Gunter  (Upper 

Arbuckle) 

CAMBRIAN 

Bonneterre  (Lower 
Arbuckle) ... 

La  Motte  (Reagan) 

PRECAM  BRIAN 

Igneous  &  Meta- 
morphic  Rocks 

*Subgroups 

**Reclassification  of  Lower  Permian  and  Upper  Pennsylvanian  as  adopted  by  several 
midcontinent  State  Geological  Surveys  and  U,  S.  Geological  Survey,  1955. 

Note:  The  oil  field  or  essentially  equivalent  formation  name  is  shown  in  parenthesis. 
The  letter  s/mbol  indicates  the  producing  formations. 

Taken  from:  Reed,  E.  C.  and  Svoboda,  R.  F.  (1957)  Nebraska  Deep  Well  Records: 
Nebraska  Geological  Survey  Bulletin  17,  The  University  of  Nebraska,  Conservation 
and  Survey  Division,  Lincoln,  Neb.  ,  pp.  8-9. 
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Counties  and  the  fifth  in  Douglas  County,  Nebraska  and 
Pottawattamie  and  Mills  Counties,  Iowa  and  possibly  extending 
into  Shelby  and  Audubon  Counties,  Iowa.  It  is  clear  that  the 
Richardson  and  Cass  County  blocks  occur  at  different  locations  from 
the  position  of  the  Precambrlan  fault  blocks  shown  on  Plate  1  (in 
pocket)  where  these  are  shown  as  occurring  in  Nemaha  County, 
Kansas  and  on  the  boundary  of  Pawnee  and  Richardson  Counties, 
Nebraska.  On  Plate  1  the  Pawnee  and  Richardson  Precambrian 
fault  block  seems  to  be  developed  on  the  west  side  of  the  main  fault 
whereas  the  data  from  Ordovician  rocks  seems  to  indicate  that  the 
fault  zone  is  much  more  extensive  in  this  area  than  has  hitherto 
been  generally  suspected.  In  any  case  it  is  clear  that  the  Nemaha 
Arch  region  has  been  a  zone  of  crustal  adjustment  over  prolonged 
periods  of  time.  The  fact  that  Table  Rock  Arch  or  the  Nemaha  Arch, 
as  it  is  commonly  referred  to,  shows  deformation  of  rocks  of  Permian 
age  indicates  that  conspicuous  deformation  was  going  on  over  a 
period  of  at  least  four  hundred  million  years  from  the  end  of  Pre¬ 
cambrian  time  to  the  end  of  Paleozoic  time.  There  are  further  sug¬ 
gestions  which  will  be  treated  later  to  indicate  that  this  region  is 
still  being  affected  by  at  least  recognizable  amounts  of  crustal  un¬ 
rest  (Figure  8).  Further  data  on  drill  holes  from  the  Ordovician 
St.  Peter  sandstone  and  a  more  concentrated  study  of  drill  holes, 
particularly  those  unpublished,  would  add  considerably  to  our 
knowledge  of  features  such  as  the  five  fault  blocks  outlined  above. 
Similar  study  on  other  conspicuous  marker  horizons  would  almost 
certainly  indicate  repeated  movements  on  older  faults  and  would 
certainly  reveal  new  fault  blocks  hitherto  unsuspected  by  all  ex¬ 
cept  geologists  who  have  available  to  them  a  great  deal  of  unpub¬ 
lished  drilled  data.  An  examination  of  Table  4,  second  page  and 
a  comparison  of  these  formations  with  those  of  Table  1. 4  and 
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Figure  5 ,  will  make  it  clear  that  the  interval  between  the  Pre- 
cambrian  Sioux  quartzite  and  the  St.  Peter  sandstone  has  vari¬ 
able  thicknesses  of  strata  in  different  places.  This  in  itself  is 
an  indication  of  the  uneven  topography  and  variable  structure  that 
characterized  the  Precambrian  basement  complex  during  Ordovician 
time.  It  will  also  serve  as  a  basis  for  comparison  of  the  geologic 
section  of  Iowa  with  that  of  Nebraska. 

Precambrian  Basement  Complex  of  the  Omaha  Area 

The  depth  to  the  Precambrian  basement  complex,  the  topograph¬ 
ical  expression  of  the  Precambrian  surface  and  the  nature  of  the 
rocks  of  which  it  is  composed  is  a  complex  problem.  The  present 
investigation  has  been  focused  upon  this  problem  and  a  certain 
amount  of  data  of  varying  reliability  has  been  obtained. 

Published  data  on  Precambrian  rocks  in  Southeastern  Nebraska 
is  difficult  to  find  but  what  is  available  is  presented  in  Table  2. 

Data  from  adjacent  parts  of  northeastern  Kansas  is  also  included. 
Much  drill  data  relating  to  the  basement  complex  is  contained  in 
the  files  of  various  petroleum  companies  and  when  such  data  be¬ 
comes  available  our  knowledge  of  the  depth  to,  configuration,  and 
rock  composition  of  the  basement  complex  will  be  greatly  enhanced. 
Table  3  comprises  a  series  of  data  compiled  by  Edward  G.  Lidiak 
and  is  incorporated  here  in  full.  This  relates  exclusively  to  an 
area  of  special  interest,  mainly  Johnson  and  Pawnee  Counties. 

This  Table  represents  data  from  new  wells  in  these  counties.  The 
most  reliable  and  complete  data  available  to  the  writer  on  the  bed¬ 
rock  elevation  and  topography  of  the  basement  complex  is  that 
compiled  on  Plate  1.  This  map  is  mainly  an  unpublished  map 
compiled  by  Virgil  B.  Cole  in  1962.  The  Kansas  portion  of  the  map 
has  been  published  as  the  Basement  Contour  Map  (1962).  Carlson's 
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shows  only  one  topographic  high  in  Pawnee  and  Johnson  Counties. 
Cole's  compilation  (Plate  1)  indicates  two  bedrock  topographic 
highs,  one  in  west-central  Pawnee  and  Marshall  Counties,  Nebraska 
and  Kansas  respectively,  trending  in  an  northeasterly  direction.  A 
second  topographic  high  is  located  on  the  Johnson- Nemaha  County 
boundary,  Nebraska  and  easternmost  Pawnee  County,  Nebraska  and 
in  Nemaha  County,  Kansas.  This  topographic  high  trends  almost 
north- south  and  its  trend  is  probably  controlled  by  the  Humboldt 
Fault  zone. 

Recent  unpublished  drill  data  compiled  on  wells,  the  cores 
and  cuttings  of  which  have  been  examined  in  a  preliminary  way  by 
Edward  G.  Lidiak,  have  been  made  available  for  the  present  study. 
The  data  presented  by  him  has  been  set  forth  in  Table  3  and  has 
been  incorporated  into  Plate  1  of  this  report.  These  data  have  made 
necessary  only  minor  changes  in  Cole's  original  map. 

The  Forest  City  Basin  occupies  the  area  east  of  the  Humboldt 
Fault  and  forms  a  most  prominent  downdropped  block.  The  dip  slip 
component  or  the  amount  of  movement  essentially  in  the  vertical 
plane  is  approximately  2,600  feet.  Figure  5  shows  a  cross  section 
essentially  along  the  Kansas-Nebraska  boundary  indicating  this 
amount  of  displacement  down  the  dip  of  the  fault.  The  trend  of  the 
maximum  depression  is  more  or  less  parallel  to  the  Humboldt  Fault 
itself  (Plate  1).  At  least  four  fault  blocks  have  been  recognized 
along  the  Humboldt  Fault  zone,  one  in  Nemaha  County  (PI.  1), 
another  in  westernmost  Richardson  County  (PI.  1  and  Fig.  4),  a 
third  in  western  Nemaha  County,  Nebraska  and  a  fourth  in  Cass 
County  (Fig.  4).  A  fifth  is  probably  present  in  Douglas,  Sarpy  and 
Pottawattamie  Counties, 


The  deepest  part  of  the  Forest  City  Basin  is  in  the  vicinity  of 
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the  Nemaha- Richardson  County  boundary  with  an  elevation,  estimated 
on  the  basis  of  drill  data,  of  -3,010  feet.  Several  values  approxi¬ 
mating  this  depth  have  been  found  in  the  vicinity  of  the  Missouri 
River  in  these  two  counties  and  in  adjacent  portions  of  Missouri.  A 
ridge  of  basement  complex  rocks  separates  the  above  depression  from 
a  comparable  low  in  Brown  County.  This  ridge,  located  on  the  40° 
parallel,  has  values  on  two  drill  holes  of  approximately  -2,600  feet 
to  2,800  feet  and  in  Brown  County  values  of  approximately  -2,800 
feet  to  2,900  feet  have  been  estimated  on  the  basis  of  drill  holes  to 
horizons  lying  above  the  basement  complex.  The  shallowest  depth 
in  the  Forest  City  Basin  east  of  the  Humboldt  Fault  is  -1,500  feet 
in  Otoe  County.  Depths  increase  along  the  fault  to  -2,100  feet  to 
2,200  feet  in  Richardson  County  and  deepen  to  a  little  more  than 
2,600  feet  in  Nemaha  County,  Kansas.  Along  the  Humboldt  Fault 
in  Nemaha  County,  Kansas  the  above  mentioned  fault  block  rises 
to  the  shallowest  depth  east  of  the  fault  at  -1,154  feet.  The  high¬ 
est  elevation  west  of  the  fault  is  at  elevation  +539  feet  in  south¬ 
eastern  Pawnee  County;  at  +485  feet  in  northeastern  Pawnee  County; 
and  +521  feet  in  central  Pawnee  County,  Nebraska. 

The  topography  drops  off  more  gradually  west  of  the  Nemaha 
Arch  to  depths  to  -2,000  feet  in  southwesternmost  Washington 
County;  to  -1,800  feet  in  Jefferson- Washington  County  along  the 
Nebraska-Kansas  boundary;  and  to  -1,400  feet  in  Saline  County. 

The  greatest  depth  immediately  west  of  the  Humboldt  Fault  is  -897 
feet  measured  on  what  is  interpreted  by  the  writer  to  be  a  fault 
slice  lying  in  the  fault  zone  and  east  of  the  north- south  trending 
Nemaha  Arch. 

The  fact  that  the  trends  adjacent  to  the  Humboldt  Fault  are  essen¬ 
tially  north- south  and  that  some  10  to  30  miles  west  of  this  are  north¬ 
easterly,  suggests  to  the  writer  that  the  northeasterly  trending  valleys 


Table  4 


GENERAL  SECTION  OF  IOWA  STRATA 


Group 

Svstem 

Series 

Formation 

Character 

Recent 

Soil. 

Wisconsin 

Boulder  clay 

Peorian 

Loess,  forest  bed, 

sand,  gravel 

Iowan 

Boulder  clay 

r  ^ 

Sangamon 

Gumbotil,  soils, 

r\ 

forest  beds, 

N 

Quaternary, 

sand,  gravel 

O 

55 

patches  of 

Pleistocene 

Illinoian 

Boulder  clay 

U3 

f  ^ 

Tertiary 

Yarmouth 

Gumbotil,  peat, 

w 

soil,  sand, gravel 

Kansan 

Boulder  clay,  gravel 

Aftonian 

Gumbotil,  peat, 

soil,  gravel 

Nebraskan 

Boulder  clay,  gravel 

1 

0  0 

Colorado 

Shale,  limestone 

85 

Cretaceous 

Upper 

2  N 

Cretaceous 

Dakota 

Sandstone 

Permian 

Fort  Dodge 

Gypsum,  shale 

Wabaunsee 

Shawnee 

Missouri 

Douglas 

Limestones , 

Pennsyl¬ 

Lansing 

shales,  coal 

vanian 

Kansas  City 

Pleasanton 

Shales,  coals, 

Des  Moines 

Henrietta 

sandstones , 

■■■  1 

Ste. Genevieve  (Pella) 

vj 

to 

St.  Louis 

Limestones , 

N 

Q) 

Meramec 

Spergen 

marls , 

O 

w 

Mississip- 

<D 

C/D 

Warsaw 

sandstones 

3 

pian 

(0 

Keokuk 

Limestones 

Qi 

£ 

0 

Osage 

Burlington 

>— 1 

Kinder- 

Shale, 

hook 

limestones 

Lime  Creek-State  Quarry 

Shale,  limestones 

Cedar  Valley 

Limestone,  shale 

Devonian 

Upper 

(Davenport 

Limestone 

Devonian 

Wapsipinicon  <  Independence 

Shale 

[otis 

Limestone 

Table  4 


GENERAL  SECTION  OF  IOWA  STRATA  (Continued) 


Group 

■fthtithhi 

Ssri«i 

Formation 

Character 

Cayugan? 

Salina?  (nowhere  exposed) 

i 

Limestone,  gypsum 

Silurian 

Nlagaran 

Gower 
i  Hopkinton 

Dolomites 

Alexandrian 

Limestone 

Cincinnatian 

Maquoketa  j 

Shale ,  dolomite 

Galena 

Dolomite 

Mohawklan 

Decorah 

Shale,  limestone 

Plattevllle 

Limestone,  shale 

Glen  wood 

Shale 

O 

Ordovician 

St.  P«t«r 

Sandstone 

C Shakopee 

Dolomite 

§ 

u 

Canadian 

Prairie  du  Chien  J  New 

5 

]  Richmond 

Sandstone 

eu 

loneota 

Dolomite 

Iordan 

Sandstone 

St. Lawrence  (Trempealeau 

Dolomite,  marls 

(Franconia 

Shale,  glauconite, 

marl 

Cambrian 

Croix  an 

Dresbach  ^ 

Sandstone 

Eau  Claire  / 

Shale,  sandstone 

Mt.  Simon  V  Not  ex- 

Sandstone,  shale 

Red  clastic  l  posed 

Sandstone,  shale 

6 

i 

PROTER 

ZOIC 

Algonkian 

Huronian 

Sioux 

Quartzite 

uO 

«  g 

O  N 

Laurentian? 

Nowhere  exposed 

Granite,  schist 

5 

From  Iowa  Geological  Survey  Annual  Report,  Vol.  XXXIII,  1927,  pp.  23-24. 
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in  the  Precambrian  complex  through  Marshall  and  Pawnee  Counties 
and  the  one  in  northwestern  Marshall  County  trending  through  south- 
easternmost  Gage  and  Johnson  Counties  should  be  investigated  for 
the  presence  of  important  faults  subsidiary  to  the  Humboldt  Fault. 

Hershey  and  others  (1960)  have  reported  on  the  Thurman- Redfield 
structural  zone  which  trends  north-east  south-west  through  Mont¬ 
gomery,  Adams  and  Cass  Counties,  Iowa  (Figure  1).  In  the  past 
this  structural  zone  has  been  interpreted  as  a  major  fault  zone  but 
the  Iowa  Geological  Survey  at  present  is  not  convinced  that  the 
"Thurman- Wilson  Fault" ,  so  referred  to  in  the  older  literature,  is  a 
true  fault  and  prefers  to  designate  the  feature  as  a  structural  zone 
(Hase,  D.  H.  ,  written  communication  Oct.  5,  1962).  Magnetic 
data  suggest  that  this  zone  may  represent  a  contact  between  more 
basic  rocks  to  the  west  and  more  acidic  rocks  to  the  east,  or  may 
represent  a  change  in  basement  complex  elevation  higher  to  the  west 
than  on  the  east.  Deep  refraction  seismic  studies  made  along  the 
Mid-Continent  Gravity  High  completed  in  the  fall  of  1962  may  shed 
more  light  upon  the  structures  of  this  part  of  the  Omaha  area  but  the 
preliminary  results  are  not  available  at  this  time. 

A  comparison  of  the  contour  map  of  the  Precambrian  basement 
complex  by  Carlson  (1961)  and  that  by  Cole  (1962)  indicates  that 
these  do  not  match  along  the  Kansas-Nebraska  boundary.  Carlson's 
map  of  Nebraska  and  the  compilation  by  Cole  presented  in  Plate  1 
differ  somewhat  and  in  particular  in  the  vicinity  of  Johnson  and  Gage 
Counties.  Another  factor  which  may  be  responsible  for  variations 
between  the  two  maps  along  these  state  boundaries  is  that  there  is 
an  absence  of  data  along  the  Gage  and  Pawnee  County  boundaries. 
Cole's  map  extends  structural  trends  into  Nebraska  on  line  with 
those  observed  in  Kansas  whereas  Carlson's  does  not  incorporate 
such  interpretative  trends.  An  additional  factor  which  may  account 


d 
1 0 
u 

0 


co 

O 


a)  x; 

O 

'V 

o 

pc 


c 

(0 


■a 

(0 


d 

f0 


d 

rd 


o  o  o  o 


d 

a 


C^. 

co 

O 

•H 

4-J 

co 

rd 

^H 

O 

T> 

<s 


d 

fd 

u 

0 


d 

ro 

u 

0 


x; 

a>  & 
£  o 
N  E 


to 

o 


co 

rd 

r-H 

a 


S  t 

o§S  yxi 

55  O'  2  os  c* 


& 

o 

e 

(0 

Q> 

s 


X! 

rd 

H 


t 

o 

>-H 

(X 


CD 

co 

rd 

CQ 

\ 

H 


—  > 

>.  a) 

<D  «-H 

&  u 

d 

00 


w 

2 

w 

2 


2 

CQ 

2 

o 


co 

a) 


ro 

P 


CM 

r^ 


CM 

r—t 


CM 

tO 


CM 

LO 

00 

CM 


o 

CO 

OD 

CM 


to 

CD 

O 


UO 

CO 


to 


LO 

N 


CO 

r\ 

to 

CD 

to 

to 

to 

to 

r~H 

H 

r — 4 

00 

o 

CD 

to 

rH 

O 

rH 

to 

rH 

r-H 

o 

r-H 

LO 

o 

f-H 

rH 

D-. 

o 

00 

CO 

o 

CM 

r-H 

CO 

CM 

LO 

o 

o 

CO 

o 

o 

to 

r-H 

o 

00 

i-H 

o 

CM 

f-H 

CO 

CM 

CO 

o 

to 


to 

CM 

to 


£  £  ^ 


<D 

>i 


Cn 

d 

•H 

co 

d 

rd 

x 


a; 


-H  L-, 


10 

£ 

>, 


d 

0) 

XJ 

cn 
O  , 


O 

d 

o 

co 

rd 

2 


4-i 

•H 

O 

d 

o 

co 

rd 

2 


a> 

£ 

>1 


a> 

d 

cr 

d 

X) 

d 

Q 


o 

O 


<u 

x 
o 
co 

4-> 

a) 

o 

xi 


>, 

a> 

t! 

rd 

(X 


LO 


a) 

£ 


0) 

d 

cr 

d 

xi 

d 

P 


CO 

CD 


CM 

LO 

tr 


CO 

XI 

rd 

O 

•rH 

d 

CO 

1 

00 

CM 

1 

o 

CM 

o 

CM 

w 

co 

w 

w 

CO 

t—i 

K" 

o 

X) 

8“ 

rH 

0 

a) 

0 

•H 

4-i 

(0 

o 

£ 

CD 

CD 

£ 

00 

j 

Z 

to 

CD 

I 

z 

to 

CD 

| 

1 

£ 

CD 

00 

CM 

CD 

00 

i 

1 

z 

CD 

00 

i 

£ 

00 

to 

A 

i 

£ 

CD 

00 

LO 

H 

X 

O 

o 

X 

CD 

CM 

to 

CO 

CO 

to 

i-H 

1 

24- 

1 

V 

CO 

CM 

1 

U0 

CO 

LO 

CO 

r\ 

LO 

o 

00 

LO 

o 

to 

00 

r\ 

CO 

LO 

H 

LO 

r-H 

CD 

CO 

00 


CO  CD 

CD  tt1 

co  r\ 


a) 

£ 

-H 

rH 

V 

O 

r-H 

'3 

d 

rd 

Q) 

> 

d 

£ 

N 

0) 

o 

£ 

aj 

Q 

O 

o 

■M 

>, 

•H 

H 

Mh 

d 

£ 

H-» 

8  g 

d 

-H 

o 

o 

CO 

X 

rH 

o 

w 

•H 

o 

•M 

s„ 

C/5 

Ih 

-rH 

Ph 

d 

.2  S 

4-» 

co 

d 

o 

KH 

o 

a> 

»-H 

(0 

O 

w 

O 

o> 

L-. 

XJ 

-rH 

X 

3 

P  ffi 

-rH 

CO 

o 

KH 

o 

to 

o 


CM 

D- 

c\ 

LO 

*-H 

to 

r-H 

Dh 

CM 

CO 

to 

CD 

CM 

»-H 

r-H 

f-H 

i-H 

LO 

<D 

CM 

UO 

CM 

Z 

o 

co 

1 

5? 

i 

£ 

t 

Z 

to 

o 

CD 

00 

CM 

CD 

r-H 

| 

CD 

1 

to 

1 

CD 

1 

CM 

to 

V 

00 

f 

LO 

1 

to 

»-H 

r-H 

CM 

r-H 

CD 

r—i 

Q) 

z 

c 

s 

O 


Q 

<D 

rd 

£ 

(0 


Q) 

d 

o 

0 

CQ 


O 

XJ 

u 


O 

XI 

u 


o 

O 

2 

u 

0 

O 

o 

fa 

0 

d 

cr 

d 

x» 

Q) 

d 

cr 

d 

x> 

a) 

d 

cr 

d 

X) 

■M 

d 

o 

6 

x: 

H-» 

d 

w 

d 

f 0 

O 

a) 

o 

Q) 

a> 

a) 

d 

p 

p 

Q) 

fd 

U) 

Q 

CD 

O 

O 

P 

P 

P 

Ih 

X, 

XJ 

t-H 

O 

X 

to 

O 

fd 

X 

d 

o 

£ 


Table 


lO 


"O 

0) 

N 


N  >1  £ 

w  W  0) 


U) 

o 


w 

fO 


|l?2  eS„ 

OiSOwm^ii 


W 

O 


w 

fd 


O  O 


T> 

0) 


<D 

<0 

CQ! 

\ 

H 


00 

H 

o 

CM 

O 

CD 

r— i 

rH 

rH 

o 

oo 

OO 

oo 

OJ 

CM 

00 

00 

o 

O 

o 

o 

LO 

CD 

CD 

CD 

r-H 

CM 

0^ 

CM 

CM 

r-H 

rH 

CM 

00 

oo 

LO 

O 

o 

CO 

CM 

CM 

CO 

CD 

CD 

rr 

i-i 

CD 

CD 

O 

f — < 

rH 

rH 

£ 

LO 

I 

£ 

cn 


i 

£ 

cn 

oo 

i 


£ 

00 

CM 

I 

£ 

CD 

00 


Eh 

Q 

i  co 

CD 

CD 

£ 

h| 

CM 

CM 

H 

W 

s 

w 

U) 

LO 

r-H 

u 

0Q 

O 

, 

S3 

£ 

0 

r-1 

< 

0) 

Lh 

2 

•M 

fO 

>, 

PQ 

■4-» 

•H 

2 

0) 

£ 

f0 

£ 

CM 

r> 

u 

< 

s 

a, 

£ 

> 

O 

Eh 

>, 

-M 

•H  <d 

O  a> 

Cn 
X  «J 

<d 

cn 

TJ 

o 

Q 

13 

rH 

rH 

0  ^ 

, 

£ 

« 

♦<H 

CO  I-H 

■M 

m 

£ 

CM 

CM 

I 

£ 

00 

00 

I 

CO 


o 

c 


rd 
T3 
( 0 
> 
<D 
£ 


£ 

O 

CM 

I 

£ 

OO 

00 

I 

o 


a 

$ 

o 

H 


£ 

<D 

o 

<1> 

"S 

■M 

CO 


X 

£ 

o 

-rH 

CO 


a 

X l 
T3 
O 
O 


in 

(1) 

4~» 

w 

X) 

<D 


& 

o 

-M 

CO 


ro 

x: 

tn 


-33- 


for  some  difference  in  interpretation  involves  the  problem  of  what 
constitutes  the  top  of  the  Precambrian  basement  complex.  In 
some  cases  there  is  a  veneer  of  so-called  "granite  wash"  which 
in  composition  is  essentially  granite  and  represents  either  a  deep¬ 
ly  weathered  portion  of  the  granite  weathered  in  place  and  not  trans¬ 
ported  or  it  may  consist  of  material  derived  from  the  Precambrian 
granite  and  transported  some  distance. 

Table  5  represents  available  data  in  the  files  of  the  Iowa 
Geological  Survey  and  is  presented  for  inspection  in  this  report  through 
the  courtesy  of  the  Survey.  All  of  these  data  relating  to  the  composition 
of  rock  types  in  the  basement  complex  have  been  incorporated  into 
Plate  2  where  the  distribution  of  Precambrian  rock  types  of  the  Great 
Plains  and  Central  Interior  and  related  areas  has  been  presented. 

Table  6  incorporates  published  data  on  Precambrian  wells  mainly 
in  the  central  Great  Plains  but  includes  data  also  from  parts  of  other 
physiographic  provinces.  Incorporated  into  this  list  are  those  not 
only  from  various  parts  of  Nebraska  and  Kansas  but  also  those  from 
South  Dakota,  a  few  from  Oklahoma,  Missouri  and  Iowa.  In  the  first 
four  columns  of  this  chart  are  presented  data  sufficient  to  locate  the 
well  and  in  the  last  four  columns  the  elevation  above  sea  level,  the 
depth  from  the  surface  of  the  ground  to  the  bottom  of  the  well,  and 
the  depth  from  the  collar  of  the  well  to  the  top  of  the  Precambrian 
complex  is  given.  In  the  final  column  the  type  of  rock  encountered 
is  presented.  On  the  basis  of  a  fairly  widespread  network  of  boring 
data  it  is  clear  that  the  central  part  of  the  Nemaha  Arch  consists  of 
Precambrian  granite  and  granite  gneiss.  For  all  practical  purposes 
this  may  be  considered  to  be  a  more  or  less  ordinary  granite  which 
however  has  been  subjected  to  repeated  stressing,  fracturing  and 
faulting.  The  Humboldt  Fault  has  been  a  persistent  fault  through¬ 
out  much  of  geologic  time  and  certainly  during  the  past  600  million 
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Bonne  Terre  St. Francois  635  Rhyolite  granite 

Carthage  Jasper  Harrington  1750  Crystalline 

rocks 
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years  (see  Figure  5).  This  cross  section  (Figure  5)  shows  that 
there  is  a  separation  between  the  downdropped  block  on  the  right, 
the  Forest  City  Basin,  and  Table  Rock  Arch  or  Nemaha  Arch  on 
the  west.  What  cannot  be  shown  diagrammatically  is  the  complexity 
of  the  faulting  movements  along  the  Humboldt  Fault.  The  down¬ 
dropping  of  the  eastern  block  relative  to  Table  Rock  Arch  has  been 
accomplished  in  such  a  way  that  large  slices  or  slivers  of  granite 
and  related  overlying  sequences  seem  to  have  been  stepped-faulted 
down  to  the  east. 

The  interpretation  of  the  geology  of  the  basement  complex  for 
Kansas  has  been  derived  from  data  complied  by  Farquhar  (1957)  and 
from  Merriam,  Cole  and  Hambleton  (1961).  Information  on  the  dis¬ 
tribution  of  rock  types  in  the  basement  complex  of  southeastern 
Nebraska  has  been  compiled  from  data  in  the  files  of  the  Kansas 
Geological  Survey  through  the  courtesy  of  Dr.  Hambleton.  Of 
19  wells  within  the  state  of  Iowa  drilled  to  the  Precambrian  only 
two  are  recorded  within  the  area  of  special  interest  at  the  present 
time,  namely  in  Fremont  and  Page  Counties  both  of  which  encoun¬ 
tered  red  elastics.  These  red  elastics  are  considered  to  represent 
either  granite  wash  resting  on  Precambrian  granite  or  as  is  equally 
likely  a  feldspathic  reddish  variety  of  the  Sioux  quartzite. 

The  original  geologic  cross-section  near  the  Kansas-Nebraska 
bounebry  published  by  the  Nebraska  Geological  Survey  showed  only 
Precambrian  granite  beneath  the  rocks  of  Cambrian  and  Cambro- 
Ordovician  age.  In  Figure  5  the  writer  has  incorporated  data  of 
Farquhar  (1957)  which  indicate  that  there  are  present  between  97° 
and  beyond  99°  west  longitude  and  also  east  of  the  Humboldt  Fault 
and  below  the  Forest  City  Basin,  a  sequence  of  metamorphic  Precam¬ 
brian  rocks  consisting  of  schist,  phyllite,  non-grahitic  gneiss  and 
crystalline  limestone.  The  Precambrian  basement  complex  of  the 
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entire  area  under  consideration  consists  mainly  of  Igneous  and  meta- 
morphic  rocks.  The  igneous  rock  most  frequently  recorded  in  wells  is 
granite  and  the  most  frequently  recognized  metamorphic  rocks  of  sedi¬ 
mentary  origin  are  quartzite  and  schist.  The  overall  distribution  of 
rock  types  is  only  vaguely  known  despite  the  many  control  points  in  the 
form  of  wells.  In  Kansas  alone,  there  are  more  than  2,000  control 
points  but  most  wells  are  located  along  certain  restricted  structures, 
as  for  example,  along  the  crest  of  the  Nemaha  or  Table  Rock  Anticline 
and  the  Central  Kansas  Uplift.  Since  most  of  these  wells  are  drilled 
for  petroleum  the  identification  of  rock  types  is  generalized.  Vast 
areas  of  the  region  under  consideration  had  no  tests  to  the  basement 
especially  in  basin  areas. 

Geology  of  the  Central  Great  Plains ,  the  Central  Interior  and  the 
Front  Range  of  the  Rocky  Mts. 

Plate  2  (in  pocket)  shows  the  distribution  of  Precambrian  base¬ 
ment  rock  types  throughout  the  Central  Great  Plains,  the  Central 
Interior  of  the  United  States,  the  Black  Hills,  the  Minnesota  and 
Ozark  Highlands  and  in  the  Front  Range  of  the  Rockies.  Part  of  the 
information  incorporated  into  this  map  is  derived  from  surface  observa¬ 
tions  but  most  of  the  area  does  not  have  surface  exposures.  Basement 
complex  rocks  are  widely  exposed  in  the  Front  Range,  in  the  Black  Hills, 
in  the  Minnesota  and  Wisconsin  Uplands,  in  the  Sioux  Uplift  and  in  the 
Ozark  Uplift  (Plate  3).  Most  of  the  information  relating  to  the  basement 
complex  throughout  the  rest  of  the  area  is  based  on  drill  data.  The  best 
information  available  to  the  writer  at  present  for  any  part  of  this  area 
is  that  in  the  publications  and  files  of  the  Kansas  State  Geological  Sur¬ 
vey.  Most  of  the  other  published  sub-surface  data  has  been  drawn  from 
a  variety  of  publications  the  most  important  ones  being  listed  in  the 
sources  of  information  given  on  Plates  2  and  3. 
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An  inspection  of  Plate  2  will  reveal  that  most  of  the  Great  Plains 
and  Central  Interior  regions  are  underlain  by  rocks  of  granite  com¬ 
position.  The  southern  half  of  the  Omaha  area  is  underlain  by  granite 
and  the  northern  portion  by  sediments  including  some  quartzite,  and 
one  mafic  igneous  rock  mass.  The  central  portion  of  the  map  area  is 
underlain  by  extensive  deposits  of  Sioux  quartzite  and  other  undiffer¬ 
entiated  metasediments.  These  areas  include  particularly  the  Salina 
Basin,  the  Central  Kansas  Uplift,  a  part  of  the  Forest  City  Basin  and 
the  Central  Iowa  region  (Plates  2  and  3).  The  Nemaha  Uplift  or  Arch 
shows  prominently  on  Plate  2  and  is  composed  dominantly  of  granite 
with  a  few  outlyers  of  quartzite  and  schist. 

Plate  3,  a  tectonic  map  of  the  Central  Great  Plains,  the  Central 
Interior  and  the  Front  Range  of  the  Rockies  and  adjacent  regions 
shows  the  major  structures  within  the  larger  map  area,  an  under¬ 
standing  of  which  has  a  bearing  upon  the  fuller  comprehension  of  the 
geology  of  the  Omaha  area.  An  inspection  of  Plate  3  Indicates  that 
in  the  area  of  outcrop  of  Precambrian  rock  in  the  Rocky  Mts.  ,  the 
Minnesota  and  Wisconsin  Uplands  and  in  the  Ozark  Uplift  these 
rocks  have  been  subjected  to  considerable  faulting  activity.  It  is 
clear  also  from  Figures  4  and  5  and  Plate  1  that  the  Nemaha  Uplift 
and  the  Humboldt  Fault  zone  are  areas  of  intense  tectonic  activity 
of  related  type.  Subsurface  information  reveals  faulting  only  in 
exceptional  cases.  It  will  be  noted  that  structures  in  the  Kansas, 
Nebraska,  South  Dakota  and  Missouri  regions  have  not  only  clear- 
cut  northeasterly  trends  which  are  well  known,  but  in  addition  strong 
northwesterly  trends  are  conspicuous  also,  as  for  example  in  the 
Central  Kansas  Uplift,  in  the  Cambridge  Arch,  the  Chadron  Arch  and 
the  Denton  Arch. 

The  writer  is  of  the  opinion  that  there  is  probably  a  good  deal  of 
faulting  associated  with  the  northwesterly  tectonic  structures  as  well 
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as  with  the  northeasterly  trending  features  such  as  the  Nemaha  Arch. 
The  basement  complex  there  has  undoubtedly  been  subjected  to  much 
more  faulting  activity  than  could  possibly  be  suspected  on  the  basis 
of  subsurface  information.  The  location  of  the  problematic  "Thurman- 
Wilson  Fault"  is  shown  on  Plate  3.  It  will  be  noted  that  drill  data 
west  of  the  Nemaha  Uplift  confirms  the  inference  from  magnetic  and 
gravity  studies  that  there  is  a  certain  amount  of  mafic  igneous  rock 
west  of  the  axis  of  the  Uplift  and  that  this  location  coincides  with 
the  Greenleaf  positive  anomaly. 

Geophysical  Data 

The  most  important  gravity  maximum  anomaly  in  North  America 
and  one  which  attains  a  relief  of  almost  140  milligals,  Bouguer, 
traverses  the  Salina  Basin  of  Kansas,  extending  northeastward 
through  Nebraska,  Iowa  and  into  the  Lake  Superior  area,  and  south¬ 
ward  into  Ok'ahoma,  This  anomaly  is  referred  to  commonly  as  the 
Greenleaf  anomaly  (Woollard,  1943).  Figure  6  is  a  Bouguer  Gravity 
Map  showing  the  Greenleaf  anomaly  from  Oklahoma  to  Wisconsin 
and  Minnesota.  This  important  geophysical  feature  is  some  1,100 
miles  long  and  probably  represents  an  extension  of  the  sedimentary 
deposits  of  the  Lake  Superior  syncline  in  a  southwesterly  direction 
through  the  Omaha  area  and  into  Kansas  and  Oklahoma.  The  gravity 
anomaly  maximum  coincides  with  prominent  sedimentary  basin  areas. 
Figure  7  shows  a  magnetic,  a  gravity  and  a  basement  profile  along 
the  40th  parallel  (Lyons/  1959  p.  119).  The  gravity  profile  ofFigure 
7  shows  a  cross-section  from  approximately  95°  to  97°  301  along 
the  40th  parallel.  A  density  of  2.3  for  topographic  variation  above 
sea  level  is  assumed. 

The  profile  by  Woollard  (1943)  provides  a  quantitative  approach 
to  the  extent  and  magnitude  of  the  intrabasement  mass  giving  rise  to 
the  anomaly.  Combined  with  the  magnetic  profile  of  Figure  7  a  base- 
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ment  profile  indicating  general  lithologic  types  and  shapes  of  such 
masses  is  presented.  The  axis  of  a  pronounced  magnetic  maximum 
coincides  closely  with  the  axis  of  the  gravity  maximum  (Lyons,  1959 
p.  108),  Lyons  points  out  that  in  the  Lake  Superior  region  the  anomaly 
coincides  with  the  Lake  Superior  syncline,  a  structure  exhibiting  a 
great  thickness  of  Precambrian  sedimentary  rocks  intruded  by  basic 
rocks.  He  concludes  that  through  original  composition,  metamor¬ 
phism,  or  intrusion  of  basic  rocks,  this  prism  of  sediments  would 
have  acquired  a  density  in  excess  of  normal  and  sufficient  to  cause 
the  gravity  anomaly  in  that  area.  He  concludes  that  a  similar  base¬ 
ment  rock  distribution  should  persist  southwestward  from  Lake  Superior 
through  Iowa,  Nebraska,  Kansas  and  into  Oklahoma  since  the  gravity 
anomaly  is  continuous.  It  will  be  noted  in  Figure  7  that  the  Nemaha 
Arch  or  Uplift,  although  topographically  high  shows  both  a  gravity 
low  and  a  relatively  low  magnetic  value  as  compared  to  both  the  west 
"band"  and  the  east  "band" .  Lyons  (1959  p.  Ill)  concludes  that 
the  Nemaha  range  in  general  occupies  a  "faded  gravity  minimum".  He 
attributes  this  to  the  fact  that  the  granite  in  wells  penetrating  the 
basement  Uplift  has  no  appreciable  density  contrast  with  the  over- 
lying  sediments.  The  Nemaha  structure  does  not  display  gravity 
maxima  other  than  those  associated  with  the  uplift  of  denser  sediments 
into  lighter  sediments.  As  a  result  the  Nemaha  gravity  anomalies 
are  faint  and  can  be  isolated  as  residual  anomalies  only  after  region¬ 
al  effects  are  removed.  Lyons  concludes  that  the  gravity  anomaly 
and  steep  gradients  along  the  40th  parallel  require  that  the  rocks 
have  a  density  contrast  of  0.  3  or  0.  4  at  a  depth  as  shallow  as  the 
basement  surface  and  having  a  downward  continuation.  He  concludes 
that  only  basic  igneous  rocks  satisfy  these  requirements.  This  positive 
feature  must  have  a  width  of  about  33  miles.  Jensen's  (1949)  study 
of  the  magnetics  along  the  40th  parallel  leads  to  the  conclusion  that 
the  basement  profiles  (Figure  7)  show  the  uplifted,  less  dense  cen- 


FIG.  6  BOUGUER  GRAVITY  MAP  SHOWING  GREENLEAF 
ANOMALY,  CONTOUR  INTERVAL  10  MILLIGALS  — 
(FROM  STATE  GEOL.  SURV.  OF  KANSAS,  BU  L  L.  I  37, 1 959 


FIG.  7  MAGNETIC,  GRAVITY,  AND  BASEMENT  PROFILES 
ALONG  NORTH  LI  NE  (40TH  PARALLEL)  OF  KANSAS  - 
(FROM  STATE  GEOL.  SURV.  OF  KANSAS,  BUL  L.  1 37, 1 959,  P.  119) 
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tral  mass  of  the  Nemaha  Arch  as  lying  between  belts  of  faulting  and 
zones  of  basic  intrusion. 

Earthquake  Activity  in  the  Omaha  Area 

Figure  8  is  a  map  showing  the  distribution  of  earthquake  epi¬ 
centers  in  the  United  States  through  1957  (Woollard,  1958a),  as 
well  as  positive  gravity  anomaly  arcs.  (Lyons,  1959  p.  109).  This 
map  shows  the  location  of  recurrent  earthquake  activity  in  relation¬ 
ship  to  positive  gravity  anomalies.  While  the  Greenleaf  anomaly 
does  not  have  earthquake  epicenters  clustered  along  it  in  the  same 
degree  as  does  the  California,  Oregon,  Washington  one,  neverthe¬ 
less  in  the  Nebraska,  Kansas  and  Oklahoma  areas  there  is  a  de¬ 
finite  correlation  between  the  anomaly  and  the  distribution  of  earth¬ 
quake  epicenters.  It  is  clear  from  the  geologic  record  that  the 
Nemaha  Arch  has  been  recurrently  active,  seismicly  speaking,  from 
Precambrian  time  to  the  present.  The  writer  concludes  therefore 
that  adjustment  within  the  Earth's  crust  along  the  Greenleaf  anomaly 
and  in  association  with  the  Nemaha  Arch  is  a  factor  that  should  be 
taken  into  consideration  in  any  engineering  project  in  the  Omaha 
area  particularly  if  there  is  question  of  a  deep  subsurface  installa¬ 
tion. 

Deep  Resistivity  Data 

Cantwell  (1962)  has  investigated  the  resistivity  of  the  surface 
layer  and  of  the  Precambrian  basement  in  the  Omaha  region.  During 
November  1962  deep  resistivity  measurements  were  made  near  Auburn, 
Nebraska.  It  was  previously  thought  that  the  surface  layer  has  a 
resistivity  of  10  ohm-meters  and  was  about  500'  thick.  The  basement 
complex  constituted  the  second  layer  and  measurements  were  con¬ 
ducted  to  determine  the  resistivty  of  this  layer.  These  studies  in¬ 
dicated  that  the  thickness  of  the  upper  layer  is  approximately  500' 
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with  a  resistivity  contrast  of  10:1.  The  upper  layer  gave  resis¬ 
tivity  values  of  15-20  ohm-meters,  with  the  average  resistivity 
of  the  basement  complex  being  150-200  ohm-meters.  Taking  into 
consideration  the  known  geology,  an  upper  limit  of  800-1,000  ohm- 
meters  is  placed  on  the  hidden  layer  resistivity  which  might  cause 
deviation  from  the  model  which  Cantwell  assumes.  His  conclu¬ 
sion  drawn  from  his  deep  resistivity  studies  is  that  the  Precam- 
brian  basement  is  not  suitable  for  deep  strata  communication  for 
the  upper  kilometer,  and  there  is  no  evidence  for  a  increase  in 
resistivity  below  this  point. 

Engineering  Geology,  Conclusions  and  Recommendations 

In  the  light  of  all  available  geological  and  geophysical  data 
the  writer  concludes  that  the  Precambrian  basement  complex  in  the 
Omaha  area  and  in  particular  in  Pawnee  and  Johnson  Counties  is 
poorly  suited  to  deep  strata  communication  and  to  the  construction 
of  deep  underground  installations.  Engineering  problems  of  great 
magnitude  would  be  predicted  on  the  basis  of  the  highly  faulted  and 
shattered  character  of  the  basement  complex  along  the  east  side  of 
the  Nemaha  Arch  and  in  the  vicinity  of  the  Humboldt  Fault  zone, 
’everal  fault  slices  have  been  recognized  on  the  basis  of  a  relative¬ 
ly  small  number  of  drill  holes.  These  faults  together  with  the  fact 
that  there  are  certain  water-bearing  formations  closely  associated 
with  the  basement  complex,  as  for  example  the  St.  Peter  sand¬ 
stone  (Figure  4) ,  indicate  that  engineering  problems  would  be 
multiplied.  A  further  consideration  is  that  the  epicenter  map 
(Figure  8)  suggests  that  the  Greenleaf  anomaly  and  the  associated 
Nemaha  Arch  and  the  Humboldt  Fault  have  been  at  least  somewhat 
active  during  the  time  of  relatively  recent  earthquake  recordings 
and  there  is  no  suggestion  that  such  seismic  activity  has  complete- 
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ly  ceased  in  this  area.  These  facts  prompt  the  writer  to  conclude 
that  the  Omaha  area  is  poorly  suited  for  both  deep  strata  commun¬ 
ication  and  for  deep  underground  facility  installation. 
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Appendlx  1 

Organizations  or  individuals  who  have  made  special  studies 
relating  to  or  who  have  made  compilations  of  data  bearing  upon 
the  depth  to  and  nature  of  the  basement  complex  in  the  Omaha  area 
in  particular  or  the  Central  Great  Plains  and  adjoining  regions  in 
general. 

Geological  Data 

Dr.  Eugene  C.  Reed,  Director,  Nebraska  Geological  Survey, 

Conservation  and  Survey  Division,  University  of  Nebraska, 
Lincoln,  Nebraska. 

Kansas  State  Geological  Survey:  Dr.  Frank  C.  Foley,  Director; 
Virgil  B.  Cole,  Chairman  of  Kansas  Basement  Rocks  Committee; 
Dr.  William  W.  Hambleton;  Dr.  Daniel  F.  Merrlam. 

Dr.  William  E.  Ham;  Miss  Louise  Iordan,  Oklahoma  Geological 
Survey,  Norman,  Oklahoma. 

S.  M.  Genensky  and  R.  L.  Loofbourow,  The  Rand  Corporation, 

1700  Main  Street,  Santa  Monica,  California. 

Mr.  Maurice  E.  Kirby,  Consulting  Geologist,  Omaha,  Nebraska. 

Committee  for  the  Compilation  of  Basement  Rock  Map  for  North 
America,  between  24°  and  60°  N.  latitude. 

Dr.  Peter  G.  Flawn,  Chairman,  Basement  Rocks  Project  Committee 
of  North  America,  The  American  Association  of  Petroleum 
Geologists,  University  Station,  Box  8022,  Austin,  Texas. 

Prof.  William  R.  Muehlberger,  Drs.  Edward  G.  Lidiak  and  R.  E. 
Denison,  Crustal  Studies  Laboratory,  Balcones  Research 
Center,  University  of  Texas,  Austin,  Texas. 


Geophysical  Data  for  the  Great  Plains  and  the  Gulf  Coast 

Mr.  Benjamin  F.  Rummerfield,  President,  GEODATA  Corporation, 

Thompson  Building,  Tulsa,  Oklahoma,  Telephone  Luther  4-3366. 
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Bedrock  Information  for  Oklahoma 

Mr.  Jerry  Champlain,  U.  S.  Bureau  of  Mines,  Bartlesville, 

Oklahoma. 

General  Compilers  of  Information  on  the  Geology  and  Geophysical 

Characteristics  of  the  Basement  Rocks  of  various  parts  of  North 

America. 

S.  Benedict  Levin,  Deputy  Director,  Institute  for  Exploratory 

Research,  U.  S.  Army  Signal  R.  &  D.  Laboratory,  Fort  Monmouth, 
New  Jersey,  Telephone  201-535-1308. 

Dr.  John  E.  Galley,  Chairman,  The  American  Association  of  Petroleum 
Geologists  Research  Committee,  Subcommittee  on  Atomic  Waste 
Disposal,  P.  O.  Box  1509,  Midland,  Texas. 

Seismoloqlcal  Data  for  certain  portions  of  the  Great  Plains  and 

Central  Interior. 

Dr.  James  Peoples,  Department  of  Geology,  University  of  Kansas, 
Lawrence,  Kansas. 

Dr.  Donald  H.  Hase,  Department  of  Geology,  State  University  of 
Iowa,  Iowa  City,  Iowa. 

Source  of  Information  on  average  conductivity  and  resistivity 

values  of  the  basement  complex  of  the  Mid- West. 

Mr.  Charles  Miller,  Slumberger  Company,  Wichita,  Kansas. 

Dr.  George  Keller,  U.  S.  Geological  Survey,  Federal  Center,  Denver, 
Colorado. 

Prof.  Thomas  Cantwell,  Prof.  Theodore  R.  Madden,  and  Mr.  E.  N. 
Dulaney,  Geoscience  Incorporated,  P.  O.  Box  175,  Lexington  73, 
Massachusetts,  Telephone  617-862-0543. 

Basement  Complex  of  the  Rocky  Mountains 

Mr.  Gilmore  Hill,  Denver  Research  Corporation,  Denver,  Colorado. 

Mr.  Chet  Thomas,  Los  Angeles,  California. 

Electrical  or  Radioactivity  Log  Library,  Kansas  Well  Log  Bureau, 

508  East  Murdock  Street,  Wichita,  Kansas. 
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Petroleum  Information,  1640  Grant,  Denver,  Colorado. 

Reilly's,  1540  Glenarm  Place,  Denver,  Colorado  (for  drill  records 
in  central  and  western  Nebraska). 

Basement  Information  in  Iowa 

Dr.  H.  Garland  Hershey,  Director  and  State  Geologist,  Iowa  Geolo¬ 
gical  Survey,  Geological  Survey  Building,  Iowa  City,  Iowa. 

Best  Single  Source  of  Information  on  the  Nature  of  the  Bedrock  in 

the  Great  Plains  Area 

Virgil  B.  Cole,  Consulting  Geologist,  207  N.  Parkwood  Lane, 

Wichita  8,  Kansas;  Chairman,  Kansas  Basement  Rocks  Com¬ 
mittee,  Kansas  Geological  Survey,  Lawrence,  Kansas. 
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CONFIGURATION  OF  T  H 
OF  SOUTHEASTERN  NEBRASK 

AND  ADJOINI 

UNPUBLISHED  MAP  BY  VIRGIL 
K.  O.  LIDIAK  AND  WITH  MODIFICA1 

SCALE 

10  o  10  20  30  4  0  M  :  i_ 

1 — ■  *  >  i  mz  ■  ■  ■  -  — — — ■ — ~~~ 

CONTOUR  INTERVAL  IOO  FT. 

ALL  NUMBERS  INDICATE  ELEVATIONS  OF  THE  SURFAC 


OF  THE  BASEMENT  COMPLEX 
BRASKA,  NORTHEASTERN  KANSAS 
JOINING  STATES 

MRGIL  B.  COLE  1962.,  WITH  DATA  FROM 
IFICATIONS  BY  J.W.  SKEHANS.J. 

.  LEGEND 

40  Mli.ES  n\n 

•  —  FAULT 

FT  ^ 

2  7  55  E  -  EXTRAPOLATED  ELEVATION 

THE  SURFACE  OF  BEDROCK  IN  FEET  BASED  ON  DRILLING  DATA 
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PLATE  1 


PRECAMBRIAN  BASEMENT  ROCK  TYPES  IN  THE  CENTRAL  < 

AND  FRONT  RANGE 


LKOKND 


SUBSURFACE  LITHOLOGIES 
!=!  METASEDIMENTS 


by  Jaynes  W  SKehon  S  J 

SCALE 
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SURFACE  LITHOLOGIES 


Frr_j  METASEDIMENTS  F  1  GRANITE  AND  OTHER  INTRUSIVE  ROCKS 
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:k  types  in  the  central  great  plains,  central  interior 

AND  FRONT  RANGE 

by  Jaynes  W  Skehan  SJ 

SCALE 
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OLOGIES 

i  AND  OTHER  INTRUSIVE  ROCKS 
GNEISS,  AND  QUARTZITE 
DTE 

NTARY  ROCKS 


SOURCES  OF  INFORMATION 

SUBSURFACE  KANSAS  MERRIAM,  COLE  AND  HAMBLETON,  1961 ,  P  2020-1 . 

NEBRASKA  (S  E  )  -  DATA  IN  FILES  OF  KANSAS  AND  NEBRASKA  GEOL  SURVEYS 

-  BULLETIN  4  ,  NEBRASKA  GEOLOGICAL  SURVEY. 

IOWA-  DATA  IN  FILES  OF  IOWA  GEOLOGICAL  SURVEY 

-  BULLETIN  4,  NEBRASKA  GEOLOGICAL  SURVEY. 


MISSOURI  -  BULLETIN  4,  NEBRASKA  GEOLOGICAL  SURVEY 
S  DAKOTA  -  REPORT  OF  INVESTIGATION  88;  S.  DAKOTA  GEOLOGICAL  SURVEY. 


-  BULLETIN 

4-,  NEBRASKA  GEOLOGICAL  SURVEY. 
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THE 
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TECTONIC  MAP  OF  THE  CENTRAL  GREAT  PLAINS,  CENTRAL 

by  James  W  SKehan  SJ. 
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STRUCTURAL  FEATURES 

FAULTS  (BROKEN  LINE  INDICATES  HYPOTHETICAL  FAULTS) 

[ZIZ]  THRUST  FAULT  (SAW  TEETH  ON  UPTHROWN  SIDE) 

|^T|  NORMAL  FAULT  (HATCHURES  ON  DOWNTHROWN  SIDE) 

P~ZT]  UNCLASSIFIED  FAULT  (NATURE  OF  DISPLACEMENT  UNKNOWN) 
BURIED  FAULTS  (INDICATES  ALL  FAULTS  SHOWN  ABOVE) 
jT7]  EN  ECHELON  FAULT  SYSTEM  (DIRECTION  OF  DISPLACEMENT 
NOT  SHOWN  ON  ALL  FAULTS  OF  SYSTEM) 

OTHER  STRUCTURAL  FEATURES 
L~4-]  DOME 
[y+-J  SYNCLINAL  AXIS 

jlJ_|  ANTICLINAL  AXIS  (INCLUDES  AXES  OF  BROADLY  ARCHED 

UPLIFTS  AND  MINOR  FOLDS) 

[Vp?]  ELONGATE,  CLOSELY  COMPRESSED  ANTICLINE  (WIDTH  OF 
LINE  SUGGESTS  HEIGHT,  STEEPNESS,  OR  SIZE  OF  FOLD) 

|  '  VOLCANIC  AREA 
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SOURCES  OF  INFORMATION 
TECTONIC  MAP  OF  THE  UNITI 

SYMPOSIUM  ON  GEOPHYSICS 
OF  KANSAS. 

GUIDEBOOK  -  SOUTH-CENTRAL 
GUIDEBOOK:  SOUTH-CENTRAL 


MTRAL  GREAT  PLAINS,  CENTRAL  INTERfSR^fcNTX  HLONT  RANGE 

by  James  W  Skehan  SJ 
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SOURCES  OF  INFORMATION 

TECTONIC  MAP  OF  THE  UNITED  STATES,  I962t  UNITED  STATES  GEOLOGICAL  SURVEY 
SYMPOSIUM  ON  GEOPHYSICS  IN  KANSAS,  BULLETIN  IV',  STATE  GEOLOGICAL  SURVEY 
}  OF  KANSAS 

UNKNOWN)  GUIDEBOOK  SOUTH  -  CENTRAL  COLOR  ADO  ,  1 9  50,  T  HE  KANSAS  GEOLOGICAL  SOCIETY 

ABOVE)  GUIDEBOOK  SOUTH-CENTRAL  KANSAS,  1959,  THE  KANSAS  GEOLOGICAL  SOCIETY 
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Glossary  of  Geologic  Terms 


(Modified  from  "Glossary  of  Geology" 
by  the  American  Geological  Institute) 


anomaly  -  A  deviation  from  uniformity;  a  local  feature  dis¬ 
tinguishable  in  a  geophysical,  geochemical,  or  geo- 
botanical  measurement  over  a  large  area. 

anticlinal  -  A  geologic  term  signifying  inclined  towards  each 
other,  like  the  ridge  tiles  of  a  roof  of  a  house. 

aquifer-  -  A  formation,  group  of  formations,  or  part  of  a  forma¬ 
tion  that  is  water  bearing. 

basement  complex  -  A  series  of  rocks  generally  with  complex 

structure  beneath  the  dominantly  sedimentary  rocks. 

In  many  places  they  are  igneous  and  metamorphic  rocks 
of  either  Early  or  Late  Precambrian,  but  in  some  places 
may  be  much  younger,  as  Paleozoic,  Mesozoic,  or  even 
Cenozoic . 

Any  solid  rock  exposed  at  the  surface  of  the  earth  or 
overlain  by  unconsolidated  material. 

Consisting  of  fragments  of  rocks  or  of  organic  struc¬ 
tures  that  have  been  moved  individually  from  their 
places  of  origin. 

Large-scale  association  of  different  rocks  of  compli¬ 
cated  structure. 

core  -  The  sample  of  rock  obtained  through  the  use  of  a  hollow 
drilling  bit,  which  cuts  and  retains  a  section  of  the 
rock  penetrated. 

cross  ’section  -  A  profile  portraying  an  interpretation  of  a  ver¬ 
tical  section  of  the  earth  explored  by  geophysical  and/ 
or  geological  methods. 

crust  -  Material  above  the  Mohorovicic  discontinuity. 

dip  slip  -  The  component  of  the  slip  parallel  with  the  fault  dip, 
or  its  projection  on  a  line  in  the  fault  surface  per¬ 
pendicular  to  the  fault  strike. 

downthrow  -  The  amount  of  relative  movement  downward  which  a 
faulted  block  has  undergone. 

epicenter  -  The  point  on  the  earth's  surface  directly  above  the 
focus  of  an  earthquake. 


bedrock  - 

clastic  - 

complex  - 
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escarpment  -  The  steep  face  frequently  presented  by  the  abrupt 
termination  of  stratified  rocks.  The  escarpment  of  a 
mountain  range  is  generally  on  that  side  which  is 
nearest  the  sea. 

fault  -  A  fracture  or  fracture  zone  along  which  there  has  been 
displacement  of  the  two  sides  relative  to  one  another 
parallel  to  the  fracture.  This  displacement  may  be  a 
few  inches  or  many  miles , 

fault  block  -  A  mass  bounded  on  at  least  two  opposite  sides;  it 
may  be  elevated  or  depressed  relatively  to  the  adjoin¬ 
ing  region,  or  it  may  be  elevated  relatively  to  the  re 
gion  on  one  side  and  depressed  relatively  to  that  on 
the  other. 

fault  ridge  -  A  relatively  elevated  elongated  fault  block  lying 
between  two  faults  with  roughly  parallel  strike □ 

feldspar  -  A  group  of  abundant  rock-forming  minerals. 

formation  -  The  ordinary  unit  of  geologic  mapping  consisting  of 
a  large  and  persistent  stratum  of  one  kind  of  rock. 

geology  -  A  science  which  treats  of  the  history  of  the  earth 
and  its  life  especially  as  recorded  in  the  rocks. 

gneiss  -  A  coarse-grained  rock  in  which  bands  rich  in  granular 
minerals  alternate  with  bands  in  which  schistose  min¬ 
erals  predominate . 

granite  -  A  plutonic  rock  consisting  essentially  of  alkalic  feld 
spar  and  quartz,  Loosely  used  for  any  light-colored, 
coarse-grained  igneous  rock. 

gr anite -gneiss  -  A  coarsely  crystalline,  banded  met amorphic  rock 
of  granitic  composition. 

group  -  A  local  or  provincial  subdivision  of  a  series,  based  on 
lithologic  features.  It  is  usually  lass  than  a  stan¬ 
dard  series  and  contains  two  or  more  formations. 

igneous  -  In  petrology,  formed  by  solidification  from  a  molten 
state:  said  of  the  rocks  of  one  of  the  two  great 

classes  into  which  all  rocks  are  divided,  and  con¬ 
trasted  with  sedimentary. 

lithology  -  The  physical  character  of  a  rock,  generally  as  de¬ 
termined  megascopicaily  or  with  the  aid  of  a  low-power 
magnifier . 
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loess  -  A  homogeneous,  noristrat if ied,  unindurated  deposit  con¬ 
sisting  predominantly  of  silt,  with  subordinate  amounts 
of  very  fine  sand  and/or  clay;  a  rude  vertical  parting 
is  common  at  many  places., 

mafic  -  Pertaining  to  or  composed  dominantly  of  the  magnesian 

rock-forming  silicates;  said  of  some  igneous  rocks  and 
their  constituent  minerals » 

member  -  A  division  of  a  formation,  generally  of  distinct  litho¬ 
logic  character  or  of  only  local  extent. 

metamorphic  -  Includes  all  those  rocks  which  have  formed  in  the 
solid  state  in  response  to  pronounced  changes  of  temp¬ 
erature,  pressure,  and  chemical  environment,  which 
take  place  in  general,  below  the  shells  of  weathering 
and  cementation. 

metasediments  -  Partly  metamorphosed  sedimentary  rocks. 

phyllite  -  An  argillaceous  rock  intermediate  in  metamorphic  grade 
between  slate  and  schist.  The  mica  crystals  impart  a 
silky  sheen  to  the  surface  of  cleavage. 

quartzite  -  A  granulose  metamorphic  consisting  essentially  of 

quartz-  Sandstone  cemented  by  silica  which  has  grown 
in  optical  continuity  around  each  fragment. 

relief  map  -  A  model  of  an  area  in  which  its  inequalities  of 
surface  are  shown  in  relief. 

sandstone  -  A  cemented  or  otherwise  compacted  detrital  sediment 
composed  predominantly  of  quartz  grains,  the  grades  of 
the  latter  being  those  of  sand. 

schist  -  Rocks  which  have  a  foliated  structure,  split  up  in  thin 
irregular  plates,  not  by  regular  cleavage. 

series  -  A  time-stratigraphic  unit  ranked  next  below  a  system. 

strata  -  Plural  of  stratum.  A  section  of  a  formation  that  con¬ 
sists  throughout  of  approximately  the  same  kind  of 
rock  material;  may  consist  of  an  indefinite  number  of 
beds,  and  a  bed  may  consist  of  numberless  layers;  the 
distinction  of  bed  and  layer  is  not  always  obvious, 

stratified  rock  -  (sedimentary  rocks)  Derivative  or  stratified 

rocks  may  be  fragmental  or  crystalline;  those  which  have 
been  mechanically  formed  are  all  fragmental;  those  which 
have  been  chemically  precipitated  are  generally  cry¬ 
stalline,  and  those  composed  of  organic  remains  are  some¬ 
times  partially  crystalline. 
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system  -  A  standard  worldwide  division;  contains  rocks  formed 
during  a  fundamental  chronologic  unit,  a  period. 
Example,  Devonian  system. 

tectonic  -  Of,  or  pertaining  to,  or  designating  the  rock  struc¬ 
ture  and  external  forms  resulting! from  deformation  of 
the  earth's  crust. 

till  plains  -  Deposits  which  are  formed  under  ice  or  where  the 
ice  is  moving  at  such  a  uniform  rate  that  it  does  not 
form  a  hilly  accumulation  in  well  defined  belts  are 
called  till  plains  or  ground  moraines.  The  surface 
of  a  broad  body  of  till,  commonly  having  the  form  of 
ground  moraine  with  subordinate  end  moraines. 

typographic  -  An  imaginary  line  on  the  ground,  all  points  of 
which  are  at  the  same  Elevation  above  (or  below)  a 
specified  datum  surface. 


-5- 


GEOLOGICAL  TIME  SCALE 


in  millions  of  years 


(After  Arthur 

Holmes , 

1960) 

Duration 

Millions  of  years 

ago  to 

beginning 

epoch 

Tertiary 

70 

70*2 

Cretaceous 

65 

135t5 

Jurassic 

45 

180+5 

Triassic 

45 

225+5 

Permian 

45 

270t5 

Carboniferous 

80 

350+10 

Devonian 

50 

400+10 

Silurian 

40 

440tl0 

Ordovician 

60 

500+15 

Cambrian 

100 

600+20 

Precambr ian 

7 

CENOZOIC 

TIME -SCALE 

Pleistocene 

1 

1 

Pliocene 

10 

11 

Miocene 

14 

25 

Oligocene 

15 

40 

Eocene 

20 

60 

Paleocene 

10 

70t2 

